Experimental and clinical data suggest that aspirin and other non-steroidal inflammatory drugs may delay the progression of prostate cancer through inhibition of the cyclooxygenase (COX) pathway and its effects on cellular proliferation, apoptosis and angiogenesis. Epidemiological data support a reduced risk of prostate cancer incidence with aspirin use, yet no evidence exists regarding whether aspirin after diagnosis influences progression or survival. We conducted a prospective study of 3,986 participants of the Health Professionals Follow-up Study, with a prostate cancer diagnosis between January 1, 1990 and December 31, 2005. We used Cox proportional hazards regression to evaluate the association between aspirin use after diagnosis and the development of metastases or fatal prostate cancer through January 31, 2008, adjusting for risk factors associated with incidence and mortality in this cohort, pre-diagnostic aspirin use, Gleason score, TNM stage and primary treatment. In total, 265 men developed bony or other organ metastases or fatal prostate cancer during the 18 years of follow-up. We observed no association between updated aspirin use after diagnosis and lethal prostate cancer (tablets/week: <2, HR=1.12, 95% CI: 0.72, 1.72; 2-5, HR=1.05, 95% CI: 0.62, 1.80, ≥ 6, HR=1.08, 95% CI: 0.76, 1.54; ptrend=0.99). The results remained unchanged when we examined aspirin use at baseline only (ptrend=0.70) or frequency of use (days/week, p-trend=0.35); or limited the outcome to fatal prostate cancer (p-trend = 0.63). There was no association between aspirin use after a prostate cancer diagnosis and lethal disease in this cohort of prostate cancer survivors.
Introduction
Aspirin and other non-steroidal anti-inflammatory drugs (NSAID's) inhibit the COX pathway and may affect cell proliferation, apoptosis, angiogenesis and tumor progression (1) . Clinical data suggest that COX-2 inhibitors may delay the progression of disease in prostate cancer patients (2) , (3), (4), (5) , (6) . Experimental data indicate that COX-2 dependent growth may mediate prostate cancer progression in an androgen independent manner, suggesting that hormone-refractory patients may benefit from COX-2 inhibitors (7) . Clinical trials of NSAID's -primarily COX-2 inhibitors -in prostate cancer patients have focused on biochemical recurrence as an endpoint (3), (4) or on molecular and gene expression profiles of treated prostate tumors (1), (6) but no studies have evaluated longterm outcomes such as metastases or cancer-specific mortality for aspirin or other NSAID's after diagnosis. Aspirin may be useful for chemoprevention, given its cardiovascular benefits, safety and efficacy profiles (8) ( (9)). We previously reported a reduced risk of prediagnostic aspirin use and high grade and lethal prostate cancer in this cohort ((10) and meta-analyses (11) , (12) , (9) also suggest that aspirin use is associated with a lower risk of incident prostate cancer, especially advanced disease. However, there are no epidemiological data on whether aspirin use after diagnosis influences prostate cancer progression and long-term survival.
Methods

Study Population
Study participants were members of the Health Professionals Follow-up Study (HPFS), a cohort of 51,529 US male dentists, optometrists, osteopaths, podiatrists, pharmacists, and veterinarians, who returned a mailed health questionnaire in 1986. Participants were 40-75 years of age at baseline and the questionnaire included a validated assessment of diet (13) and medical diagnoses, including cancer. Follow-up questionnaires are mailed biennially to update anthropometric, physical activity, smoking, medication, vitamin, diet (collected every four years) and other lifestyle factors. The response rate is 96%. The conduct of this cohort study and these analyses were approved by the Institutional Review Board of the Harvard School of Public Health.
We identified HPFS participants who reported a prostate cancer diagnosis on or after January 1, 1990, when we first collected detailed information on aspirin use. We did not consider men whose diagnosis date preceded the 1990 questionnaire, since quantity and frequency data were not available then. Medical records and pathology reports were reviewed to confirm the diagnosis and to determine clinical data, including Gleason score, prostate-specific antigen (PSA) levels at diagnosis, tumor-node-metastasis (TNM) stage (14) and primary treatment. Development of metastases was ascertained through mailed questionnaires to participants and their physicians. Deaths were identified through the National Death Index, postal system and next of kin, with virtually complete follow-up (15) . A prostate cancer death was based on evidence of extensive metastatic disease and no other plausible cause of death and was determined by central adjudication of medical records and death certificates by study physicians.
Assessment of aspirin use and other covariates
Detailed information about aspirin use was first available in 1992 and updated through mailed questionnaires. Men were asked to report the number of days per week they used aspirin, and the number of adult-strength tablets (325 mg) consumed per day or per week (for dose levels, men were reminded that four 81mg tablets was the equivalent of one fullstrength tablet). In any given cycle, men were considered non-users if they took aspirin less than two days per week. Information was updated every two years and individual medications or brand names were not ascertained (described in detail previously (10) ). Information on aspirin use was completed by over 98% of participants during the study period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , and missing data were retained as a separate stratum in regression models.
Statistical Analysis
We evaluated aspirin use using a 2-year lag analysis to avoid a potential bias due to changes in aspirin use close to the time of death. Men diagnosed on or after January 1, 1990 accrued follow-up time starting on the month of the questionnaire return date that followed their date of diagnosis, and ending on the date of metastases, the date of death or the end of follow-up (January 31, 2008), whichever came first. Eligible cases included men diagnosed with clinical stage T1, T2 or T3a. We considered two outcomes for these analyses -fatal and lethal prostate cancer. Lethal prostate cancer was defined as development of metastases to the bone or other organs, or death due to prostate cancer.
We used Cox proportional hazards regression to calculate the hazard ratio (HR) and 95% confidence intervals (CI) while adjusting for age (in years), time period (2-year intervals), established risk factors (race and family history) and other covariates shown to be associated with incidence or mortality in HPFS ( (16)): height (<66, 66-67.9, 68-69.9, 70-71.9, ≥ 72 inches), body mass index (<21.0, 21-22.9, 23-24.9, 25-27.4, 27.5-29.9, ≥ 30+ kg/m 2 ), smoking (never smoker or quit >10 years, current smoker or quit ≤10 years and <15 cigarettes/day, current smoker or quit ≤10 years and ≥15 cigarettes/day), intake of tomato sauce (<0.25, 0.25-1, 1-2, ≥ 2 servings/week), vitamin D intake (quintiles), total kilocalories (quintiles, kcal per day), fish (<2/month, 2/month-1/week, >1-<3/week, ≥ 3/week), red meat (quintiles, servings per week), vigorous physical activity (quintiles, hours), the use of statins (no, past, current user), Gleason score (4-6, 7, 8-10), TNM stage (T1, T2 vs. T3a) and initial treatment (radical prostatectomy (RP), external beam radiation and brachytherapy (RT), watchful waiting (WW), hormone therapy (HT) or other). We also adjusted for aspirin use prior to diagnosis in tablets per week (users, n=2111, non-users, n=1605) as it was previously associated with lethal disease in this cohort (10) . As a secondary analysis, we also present data separately for non-aspirin NSAID use and the combination with aspirin as total NSAID's. Except for race, family history, body mass index (BMI) at diagnosis, Gleason score, stage and treatment, covariates were updated every two or four years (dietary information was collected every four years). Tests for linear trend were conducted by assigning the median value in each category of aspirin use (p<0.05 used as the cutoff for statistical significance).
Results
A total of 3,986 men reported a prostate cancer diagnosis on or after January 1, 1990 and 265 of these men developed metastases or died of prostate cancer during the 18-year followup period. The average age at diagnosis was 68.6 years, and men were followed for an average of 8.4 years ( Table 1) . Aspirin use was reported by 39.8% of men on the first questionnaire after their prostate cancer diagnosis. These men were more likely than nonusers to have low-grade (Gleason ≤ 6, 61.3%) or PSA-detected disease (T1 = 58.9%). Over four-fifths of men underwent either radical prostatectomy (n=1849) or radiation (n=1452, includes external beam radiation and brachytherapy) as their primary form of treatment.
We observed no association between updated aspirin use after diagnosis and the risk of lethal prostate cancer (p=0.99 for tablets/week for lethal disease, Table 2 ), after adjusting for prostate cancer risk factors in this cohort, pre-diagnostic aspirin use (tablets per week), Gleason score (4-6, 7, 8-10), stage of disease (T1, T2, T3a) and primary treatment (radical prostatectomy, radiation, hormone therapy, watchful waiting, other and missing). Similar null results were observed when we evaluated frequency of aspirin use (days per week). Also, when we evaluated the long-term effect of baseline use (first post-diagnostic report of aspirin tablets/week), the conclusions remained the same (p-for-trend = 0.70). For fatal prostate cancer, we also observed no association with aspirin use after diagnosis (updated or baseline only in tablets/week and days/week, Table 2 ). In analyses stratified by Gleason score, clinical stage (T1 vs. T2/T3) or pre-diagnostic aspirin use (yes/no), there were no significant differences in the associations between aspirin use after diagnosis and the risk of lethal prostate cancer (Figure 1 ). There was no association for men treated with a radical prostatectomy (n=87 events, p=0.59) or radiation treatment, which includes external beam radiation and brachytherapy (n=104 events, p=0.59); other treatment numbers were too small to evaluate separately (n=23, n=21 and n=9 for HT, WT and other; data not shown).
Limited data were available on non-aspirin NSAID's, including ibuprofen (yes/no regular user) and COX-inhibitors (number of tablets per week), and when we evaluated the associations with lethal disease, separately as non-aspirin NSAID's (< 2 t/wk, RR=1.12 (95% CI: 0.40, 3.14); 2-5 t/wk, RR=0.92 (0.60, 1.43); 6+ t/wk, RR=0.81 (0.39, 1.67); p testfor-trend=0.46) and in combination with aspirin as total NSAID's (< 2 t/wk, RR=1.07 (0.67, 1.72); 2-5 t/wk, RR=1.16 (0.76, 1.77); 6+ t/wk, RR=1.02 (0.72, 1.45); p test-for-trend =0.84), the associations remained null.
Discussion
This is the first study reporting on aspirin consumption after a prostate cancer diagnosis and its association with the development of lethal prostate cancer. We observed no association between post-diagnostic aspirin use and metastatic or fatal prostate cancer. We, and others have reported inverse associations for pre-diagnostic aspirin use and the risk of incident prostate cancer (9) (10), (11), (12), (17), (18) . Prior evidence suggests an approximate 10-33% reduction in the risk of prostate cancer, with greater reductions associated with more aggressive disease. In this analysis, we adjusted for pre-diagnostic patterns to focus on the potential influence of aspirin on prostate cancer progression after diagnosis.
Laboratory data suggest that inhibiting the COX pathway can suppress prostate cancer progression via the nuclear factor-kappa B pathway (19) , in an androgen-independent manner (7), through suppression of the Wnt/beta-catenin signaling pathway (20) and more generally through up-regulating apoptosis, antioxidant processes and tumor suppressor functions (6) . Experimental data also support an increased benefit of COX inhibitors with combined androgen blockade (7) although some data in humans suggest the contrary (21) . Another potential mechanism for reducing fatal disease may be through aspirin's antiplatelet effects to reduce blood-borne metastases. One may speculate that such metastases may have already occurred by the time of diagnosis (22), (23), eliminating aspirin's potential effect through that mechanism. This is also consistent with another study in which 400 mg twice daily of celecoxib had no effect on biomarkers of prostate carcinogenesis (eg, Ki-67, p27, p21, factor VIII) despite having reached target levels in prostate tissue (as measured by prostaglandins, COX-1 & COX-2 mRNA) in a randomized trial (2).
Although our previous work in this cohort demonstrated a significantly reduced risk of lethal disease associated with long-term, aspirin tablets per week before diagnosis (10), the postdiagnostic data do not yield significant associations. We considered the possibility that men with pain due to undiagnosed metastatic disease might take more aspirin close to the date of metastases, or that men might stop taking aspirin because they were receiving chemotherapy. To address this potential confounding, we implemented a 2-year lag to avoid capturing aspirin use that was influenced by underlying metastatic disease or treatment. Residual confounding may persist with a 2-year lag given the extended time course of prostate cancer, even after the development of metastatic disease. Thus, we also examined aspirin use at baseline only (first post-diagnostic report after the date of diagnosis) as a predictor of long-term survival and still observed no association between aspirin use and lethal disease. Aspirin use after diagnosis may be associated with other lifestyle modifications (eg, diet, exercise, etc.) that are associated with prostate cancer mortality, so we adjusted for known risk factors for prostate cancer incidence and mortality in this cohort using updated biennial data until the end of follow-up; age-adjusted and multivariate models yielded similar conclusions, as well as models with clinical predictors only (data not shown).
Our data do not support an association between aspirin use after a prostate cancer diagnosis and the development of lethal prostate cancer. These results and accumulating evidence of a small to moderate benefit of aspirin use on prostate cancer risk, suggest that aspirin may play a stronger role in the early stages of carcinogenesis and in chemoprevention, rather than in established disease. Non-users are defined as those taking aspirin< 2 days/week in a given cycle
